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INTRODUCTION
We need to identify an objective way to quantify the measures 
of environmental enrichment we are implementing with 
different captive animals in the zoological park Terra Natura. In 
order to do that we have been exploring the goodness of using 
measures of stress as indicators of whether the enrichment is 
improving animals conditions or not.
Here we present preliminary results of an assessment based 
on the analysis of salivary cortisol as an objective and non-
invasive measure of stress in animals. 
The results we present here, which aims to explore the 
feasibility of using salivary cortisol as a measure of stress, 
constitute the first part of an ongoing analysis of the goodness
of this technique. We have monitored cortisol levels for several
weeks before and after the opening of the park to the public, 
the results are encouraging.
METHODOLOGY
The subjects of this study were 6 female Asian elephants (Elephas
maximus) ranging in age from 23 to 45 years and 2 females Indian 
rhinos (Rhinoceros unicornis) of 3 and 5 years. Saliva samples 
were taken daily between 7:30 and 8:30 AM during march and april
2005. Samples were collected using the Salivette kit and then 
centrifuged at 2000 rpm for 2 minutes at 4ºC. The saliva was then 
stored at -20ºC until analysed. Salivary cortisol was measured in 
duplicate by solid-phase 125I RIA (Coat-A-Count; Diagnostic 
Products. Los Angeles, CA). 
In addition to the sample of saliva, individuals behaviour was 
recorded daily using ethograms, with the aim of correlate the data 
with the behaviour and the daily events.
RESULTS
Tables 1 and 2 show a 
marked increase in the 
level of cortisol in 
elephants and 
rhinoceroses in the 
first days after the 
opening of the park. 
Figures 1 and 2 show 
a trend in the levels of 
stress (expressed as 
the mean value of 
cortisol concentration) 
of the elephants and 
rhinoceroses before 
the opening, during 
the first days after the 
opening, and 
afterwards.
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DISCUSION
The salivary cortisol shows variations associated with changes 
in the environment of the elephants, as when the park TERRA 
NATURA opened. Besides, the increase observed in the values 
of this hormone after fightings or injuries reflects the decrease in 
the animals comfort.
We also observed important differences among animals, that are 
probably linked to their origin, temper or stereotypes. However,
regardless of individuals’ “basal” levels of cortisol, 
concentrations increased after the park opened.
The relationship between the increase in the levels of cortisol 
and the level of stress has been amply demonstrated previously 
(Beerda et al., 1998; Dehnhard et al., 1998; Lutz et al., 2000; 
Cross et al., 2004; Hjortskov et al., 2004; Ganswindt et al., 2005). 
Hence, this method opens a very interesting line of research in 
the filed of objective evaluation of the effects of changes in the 
environment of captive animals. 
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Table 1: mean saliva cortisol concentration (μg/dl) and SD of Terra
Natura’s Asian elephants
Table 2: mean saliva cortisol concentration
(μg/dl) and SD of Terra Natura’s Indian 
rhinoceroses
Figure 1: mean saliva cortisol values before the opening, during the
first days after the opening, and afterwards of Terra Natura’s Asian 
elephants
Figure 2: mean saliva cortisol values before the opening, during the
first days after the opening, and afterwards of Terra Natura’s Indian 
rhinoceroses
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